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SPECIFICATION 



I. Title of the Invention 
Semiconductor Neutron' Detector 

II. Claims 

1. A semiconductor neutron detector, characterized by that 

a monocrystalline semiconductor substrate and an amorphous semicon- 
ductor layer which form a heterojunction between them and elec- 
trodes which contact with said monocrystalline semiconductor sub- 
strate and said amorphous semiconductor layer on the opposite sides 
of said junction are provided and 

a major part of one electrode is coated and plural boron thin films 
are laminated via an amorphous semiconductor thin film. 

2. A semiconductor neutron detector, characterized by that the 
boron thin films are films containing 10 B in a high concentration 
in the detector described in Claim 1. 

III. Detailed Description of the Invention 
[Technical Field of the Invention] 

This invention relates to a semiconductor neutron detector 
which detects an a-ray generated from an isotope of boron 10 B by the 
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incidence of a neutron ray to detect the neutron ray. 
[Prior Art and Problems Thereof] 

A gas-sealed type detector using a BF 3 tube is given as the 
detector of a neutron ray. When a neutron ray is incident into a 
tube sealed with BF 3 gas, this detector takes such a mechanism that 
a-ray generated according to a reaction expressed by the following 
formula is detected by an isotope of boron 10 B with a large cross- 
section area of neutron absorption. 

5 10 B + !°n - 3 7 Li + 2 4 He 

Such a gas-sealed type detector had such problems of low 
detection sensitivity and bad counting characteristic because 
glass, etc. exist at the incident plane of said detector and a part 
of neutrons are captured. Moreover, the structure is complicated 
and deficient in stability, and the shape of said detector become 
very big and heavy. Accordingly, when a moderator is used for the 
detection of a fast neutron ray, the moderator installed at its 
surroundings is also extremely large and heavy, therefore the 
practical use is difficult. 

More recently, however, with an increase of neutron generators 
such as atomic reactor or accelerator, etc., the detector has been 
driven by a necessity to examine what kinds of neutron ray, i.e., 
what energies 'of neutron ray generate and give an appropriate 
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measure for influences of the neutron ray on human body. Therefore, 
an equipment called -)l has been used for detecting the 

energy ' 

/2 

spectrum image of fast neutron ray. It detects the energy spectrum 
image of fast neutron ray by means of a neutron ray irradiation 
using gold ( 197 Au) in a neutron detecting part and using several 
moderators, such as polyethylene, etc., with changed thickness 
which should corresponding to energies at its surroundings and then 
by means of radiation of gold ( 197 Au - 198 Au) . Although this equipment 
is miniaturized to some extent, after the neutron ray is irradiated 
once, results come out first by radio activation analysis and are 
not measured in real time. 

The use of a semiconductor radiation detector which can be 
miniaturized as a detection unit is considered for a measurement in 
real time. The principle of said semiconductor radiation detector 
consists in that a diode structure is formed by any method of a PN 
junction or a semiconductor-metal Schottky junction or a 
crystalline semiconductor-amorphous semiconductor he tero junction, 
etc., a reverse-biased voltage is applied to this diode to expand 
the depletion layer in the semiconductor, then electron-hole pairs 
generated by a radiation flying into this depletion layer are 
counted and detected as a current pulse. Germanium (Ge) or silicon 
(Si) , etc. have been used as the semiconductor materials, and 
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silicon is overwhelmingly used as a radiation dose-meter in the 
indus-try because of easy availability of material at present. More 
recently, a high-purity and high-specific resistance silicon has 
been increasingly used from a demand for low-voltage actions. 

Among the radiations, X-ray, a-ray, (B-ray and yray directly 
generate the electron-hole pairs in the semiconductor depletion 
layer and make the radiation detectable, but the neutron ray does 
not exert any effects on the Coulomb field of orbital electrons or 
atomic neuclei, except for nuclear reactions, because it does not 
have a charge, accordingly it does not generate the electron-hole 
pairs in the semiconductor depletion layer, thus a direct detection 
of the neutron ray is impossible. Therefore, a method wherein an a- 
ray is generated by the above 10 B (n, a) reaction, the a-ray forms 
the electron-hole pairs in the semiconductor depletion layer to 
detect it is given as a detection method of the neutron ray. 
However, boron has an extremely high melting point of over 2,000°C 
and is difficult to form a boron simple substance layer. Even if 
the boron layer is formed, there were problems of destruction , or 
aging of semiconductor element itself to be detected' because of 
high temperature. Particularly, semiconductors used in a radiation 
detector are high-purity and high-specific resistance, a low- 
temperature, process is especially required in manufacturing 
processes. In a high-purity and high-specific resistance silicon, 
thermal distortion is said to start to occur at 400°C or higher. 
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Accordingly, a high-temperature process of over 800°C which has 
been generally used in manufacturing processes of semiconductor 
elements is not suited to the semiconductor radiation detector. For 
example, a neu-tron ray detector of combining a boron phosphide 
layer and a semi-conductor PN junction becomes well-known, but it 
has problems as shown below. 

(D A thermolysis is used for the formation of boron phosphide, 
therefore a semiconductor substrate is exposed to a high tempera- 
ture of 900°C and the deterioration of semiconductor characteris- 
tics cannot be avoided by the above reason. 

(D The isotope of boron 10 B naturally exists in a ratio of 10 B: n B - 
1:4, even if additional 10 B is added to make it high-concentration, 
the concentration of 10 B is reduced by phosphorus added with phos- 
phine (PH 3 ) . 

(D Because the prepared boron phosphide layer also has a thickness 
of 20 |im, the generated a-ray decreases due to self-absorption, 
therefore the neutron detection sensitivity reduces. 

As neutron ray detectors for solving such problems, semicon- 
ductor neutron detectors relating to inventions of the inventors 
have been applied for in Japan Patent Appl. S59-158414 and Japan 
Patent Appl. S59-158415. The detectors described in these applica- 
tions took a heterojunction diode structure with amorphous silicon 
coated on the surface of a high-purity monocrystalline silicon as 
a basic structure for the formation of a depletion layer, and a 



boron thin film containing excess boron isotope 10 B in this diode 
was formed by a plasma CVD method using diborane of 10 B ( 10 B 2 H 6 ) . 
Now, if the sensitivity in case of using a silicon wafer having a 
surface area of 10 cm 2 , the counting rate A = NocJ) at the neutron 
flux density of 100 mV, however, N is the atomic density, a is the 
scattering cross-section, and 4> is the flux density. The maximum 
thickness of boron thin film formed by the above method is 1, 500 A, 
and A becomes the following expression in case of 1,500 A. 

A = 2 . 0 x 10 23 x 15 0 0 x 10" ? x 3814 x 10" 24 x 100 x 10 

/i 

where 2 . 0 x 10 23 is the atomic density of 10 B, 1500 x 10" ? is the 
film thickness of 10 B thin film, 3814 x 10' 24 is the scattering 
cross-section of 10 B, 100 is the flux density and 10 is the area, 
consequently A becomes 10 cps. 

However, a neutron detector with a higher counting rate has 
been demanded. 

[Purpose of the Invention] 

This invention is aimed at further increasing the dose rate of 
a neutron detector which is provided with a heteroj unction between 
an amorphous semiconductor and a monocrystalline semiconductor and 
utilizing the fact that an a-ray produced by a neutron ray incident 
into a boron thin film generates electron-hole pairs in a depletion 
layer formed by applying a reverse bias to said hetero junction . 
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[Essentials of the Invention] 

According to this invention, the above purpose is achieved by 
that a monocrystalline semiconductor substrate and an amorphous 
semiconductor forming a hetero junction between them and electrodes 
which contact with said monocrystalline semiconductor substrate and 
said amorphous semiconductor on the opposite sides of said junction 
are provided and the major part of one electrode is coated and 
plural boron thin films are laminated via amorphous semiconductor 
thin films. 

[Actual Example of the Invention] 

Fig. 1 is one actual example of this invention and is prepared 
as follows. An amorphous silicon layer 2 is deposited on a 
monocrystalline silicon plate 1 of 40 mm in diameter and 10 kQcm 
or above in specific resistance by a direct current plasma CVD 
method using monosilane (SiH 4 ) diluted to 10% with hydrogen to form 
a heterojuction. Subsequently, a metal electrode 31 is coated on 
the top of said amorphous silicon layer 2, e.g., by vacuum vapor 
deposition of Al, and a metal electrode 32 is similarly coated on 
the under surface of said monocrystalline silicon plate 1 via a 
boron thin film 4. The boron thin film 4 is formed by a direct cur- 
rent plasma CVD method using diborane of 10 B ( 10 B 2 H 6 ) , formation 
conditions are the substrate temperature 200°, the pressure 2.0 
Torr and the applied voltage 560 V. An amorphous silicon film 5 
similarly produced as the amorphous silicon layer 2 and a boron 



thin film 6 similarly produced as the boron thin film 4 are 
alternately formed on the metal electrode 31. At this time, 
terminals of said electrode 31 are certainly exposed. This enables 
to thicken the thick-ness "at the whole of boron thin film which 
could not be increased by a single layer and increase the generated 
a-ray. The boron thin film 4 on the rear side plays a role for the 
a-ray generation by a neutron ray penetrating the' monocrystalline 
silicon plate 1 in addition to the ohmic contact formation for the 
monocrystalline plate 1. 

The use of said amorphous silicon film 5 as an intermediate 
layer is based on such reasons that the intimacy with the boron 
films is good, the formation of a thin film is easy to reduce the 
absorption of a-ray, equipments used in the hetero junction 
formation can be used as they are, etc. A reason why the boron thin 
film 6 is formed after the amorphous silicon layer 5 is coated once 
on the electrode 31 is due to the fact that the close adherence of 
the Al vapor deposition film and the boron thin film is hard to be 
made, but it may also, be coated with a direct boron thin film 
according to materials of said electrodes.. 

Films formed by using diboranes of natural boron can also be 
used as the boron thin film 6, but a small number of said boron 
thin films and said intermediate layers or a small total thickness 
is desirable if it is said from the absorption of neutron ray and 
generated a-ray, therefore a film of high-concentration of 10 B is 



effective. 

[Effects of the Invention] 

This invention enables to increase the boron film thickness, 
which was difficult before, by laminating boron thin films for 
generating an a-ray with a neutron ray via an amorphous semicon- 
ductor thin films through which the a-ray easily penetrates on the 
surface of a radiation detector where a depletion layer is formed 
by use of a heterojuction between a monocrystalline semiconductor 
and an amorphous semiconductor. This also increases the neutron ray 
detection sensitivity because an opportunity of the neutron ray to 
penetrate through the boron films increases and consequently the 
generated a-ray increases. 



IV. Brief Description of the Drawings 

Jig. 1 is a sectional view of one actual example of this 
invention . 
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